Grains of domesticated grasses (Poaceae) have long been a global food source and 31 constitute the bulk of calories in the human diet. Recent efforts to establish more sustainable 32 agricultural systems have focused in part on the development of herbaceous, perennial crops. 33 Perennial plants have extensive root systems that stabilize soil and absorb water and nutrients at 34 greater rates than their annual counterparts; consequently, perennial grasses are important 35 potential candidates for grain domestication. While most contemporary grass domesticates 36 consumed by humans are annual plants, there are over 7,000 perennial grass species that remain 37 largely unexplored for domestication purposes. Documenting ethnobotanical uses of wild 38 perennial grasses could aid in the evaluation of candidate species for de novo crop development. 39 The objectives of this study are 1) to provide an ethnobotanical survey of the grass genus 40 Elymus; and 2) to investigate floret size variation in species used by people. Elymus includes 41 approximately 150 perennial species distributed in temperate and subtropical regions, of which at 42 least 21 taxa have recorded nutritional, medicinal, and/or material uses. Elymus species used for 43 food by humans warrant pre-breeding and future analyses to assess potential utility in perennial 44 agricultural systems.
Introduction
It is estimated that between 20% to 50% of the nearly 400,000 extant plant species in the 185 Grain morphology is an important target of selection in grass species undergoing 186 domestication for human consumption (Glemín and Batallion 2009). While many wild species 187 have relatively small, long, thin grains, selection during domestication generally favors larger, 188 rounder grains (Gegas 2010; Okamoto 2012; Stougaard and Xue, 2004). We were interested in 189 surveying grain size variation in species with documented ethnobotanical uses. We hypothesized 190 that Elymus species used for human consumption may display larger grain sizes than those used 191 for other purposes. A definition of the "pure seed unit" for crop conditioning is the floret: the 192 reproductive structure including the lemma, palea, and caryopsis (grain), and excluding the awn 193 when the awn length is longer than that of the entire floret (Gregg and Billups 2010). There is a 194 positive correlation between floret cavity size (volume) and grain growth, including grain size 195 and weight (Millet and Pinthus 1984; Millet 1986) . 196 We calculated floret area for Elymus species with documented histories of use to examine 197 relationships between floret size, ethnobotanical use, and collection location. Our ethnobotanical 198 analysis identified 21 species with ethnobotanical uses (see results below). For each of these 21 199 species, we selected Elymus specimens from the herbarium at the Missouri Botanical Garden 200 based on their collection location, targeting specimens that had been collected in a country or 201 state where Elymus use by indigenous communities had been documented (Figure 1 ). If there 202 was no indigenous community specifically identified for a taxon, we selected a specimen from 203 the species known native range. For example, because E. canadensis was used historically in 
Measurements of floret traits from herbarium specimens

Seeds
As porridge (seeds parched, pounded into a flour, and mixed with water into a paste), cooked, or ground into bread flour (KA).
To settle quarrels between families or individuals (KA).
Forage for deer, antelope, and buffalo; potential pasture and forage crop.
Used in socks and stuffing inside moccasins, as baby bedding, and to cover ground where people sat around fire (GI). issues as a diuretic, and two are applied topically to treat swollen limbs (Table 2) . Elymus (Table 2) . For medicine, floret area does not differ by region (F 1 = 3.63, P > 0.05; Figure 2 ).
304
However, average floret area is significantly greater for species with medicinal uses compared to 305 species without documented medicinal uses in North America (F 1 = 4.75, P = 0.03; Figure 2a ).
306
In contrast, for food, forage, and material categories, floret area does not differ significantly by = -2.41, P = 0.02), but is not variable across latitudes (t = 1.52, P = 0.14). In Eurasia, there is no 325 significant relationship between average floret area and latitude (t = 0.20, P = 0.85) or longitude 326 (t = 0.17, P = 0.87); however, this may be an artifact of lower sampling in Eurasia in this study. illuminates the potential for broad application of this genus. 348 Ethnobotanical records are a vital source of information on plant diversity, use, 
Ethnobotanical analyses as a foundation for agricultural innovation
358
Our dataset identified 21 species of Elymus with known food, forage, medicine, and 359 material uses globally, and attributed these uses to at least 25 different indigenous communities.
360
The most frequent use of Elymus is as forage or fodder, further highlighting perennial members 361 of Triticeae as globally important sources of forage grass (Kole 2011 seed is most frequently consumed, though in two instances (e.g. E. repens and L. condensatus) 365 there are food uses for the entire plant, including the roots and rhizomes ( Table 2 ). The 366 preparation methods for seed are straightforward (i.e. ground and mixed with water as a mash, or 367 finely pounded into flour), suggesting that their edibility is not contingent on rigorous 368 processing. Further, food products prepared with Elymus are similar to many modern grain 369 products, and include bread, flour, and cereal. We suggest further investigation of these ten species for their potential contribution to the ecological intensification of agriculture. Lastly, the 371 documentation of medicinal and material uses suggests that Elymus taxa are multifunctional, and 372 perhaps the whole plant can be employed post-production or at the end of their lifespan (i.e. as 373 hay for livestock or in thatching). (Table 1) , the depth of ethnobotanical information about Elymus species used in North 387 America was much greater. This disparity could be accredited to the fact that we primarily used 388 resources at the Missouri Botanical Garden library, thereby biasing the details of our study to 389 North America and to resources in English. As such, there are other globally-distributed Elymus 390 species that could have been used in an ethnobotanical capacity and that may also have potential (Table   421 2); therefore, the benefit of a larger floret area for medicinal applications should be further Despite the wide variation in floret size within and among Elymus species, we did not 430 observe a significant relationship between average floret area, region, and documented 431 ethnobotanical use for the remaining three categories examined here (food, forage, and material).
432
It is conceivable that use of Elymus species for forage and material would not necessarily lead to 433 changes in seed size, as the primary structures being used (e.g., stems, leaves) may have been the 434 targets of selection. Data for these components of the plant were not collected in this study; 435 consequently, we are unable to assess whether or not forage and material uses led to changes in 
